Introduction {#s1}
============

Hepatocellular carcinoma (HCC) is the third leading cause of cancer death worldwide and poses a significant challenge for public health \[[@R01]-[@R03]\]. The precise prediction of patient prognosis is an essential step in the management of HCC. The Barcelona Clinic Liver Cancer (BCLC) system is the most commonly used staging system for HCC prognosis prediction and treatment selection in Western countries \[[@R04]\]. Several studies have demonstrated the efficacy of transarterial chemoembolization (TACE) for BCLC stage B HCC, and TACE is the recommended treatment for these types of cancer \[[@R05]\]. However, failure or refractoriness to TACE has not clearly been defined, and there are no clear rules to determine when to terminate TACE. In the clinical setting, the efficacy of TACE and adverse reactions should be carefully considered and TACE should be discontinued when adverse reactions outweigh survival benefits. The efficacy of sorafenib in advanced HCC has recently been demonstrated, so discontinuation of TACE does not always mean the termination of HCC treatment \[[@R06], [@R07]\]. Numerous studies have reported the efficacy of sorafenib in cases of TACE failure \[[@R08]-[@R12]\]. Therefore, for patients not responding to TACE, even at stage B, switching to sorafenib is likely to be more effective than the continuation of TACE \[[@R05]\].

Patients with BCLC stage B HCC represent a highly heterogeneous population with considerable differences in their response to TACE. Therefore, Bolondi et al proposed subgrouping these patients based on pretreatment conditions and determining treatment strategies according to respective subgroups \[[@R13]\]. Several researchers have attempted to determine whether TACE should be continued or discontinued based on patient response to TACE (an anti-tumor effect and/or changes in liver function) \[[@R14]-[@R16]\]. The Japan Society of Hepatology (JSH) defined "refractoriness or failure to TACE" as follows \[[@R14]\]: The first criterion applies to intrahepatic lesions, where refractoriness to TACE is defined as ≥ 2 consecutive ineffective responses of treated tumor responses (viable lesions \> 50%) or ≥ 2 consecutive progressive increases in total tumor count, despite a change of chemotherapeutic agent or selection of the feeding artery. For an ineffective response, it is recommended to reevaluate the patient using computed tomography (CT) or magnetic resonance imaging (MRI) at 1 - 3 months after a selective TACE procedure. Additional criteria for refractoriness to TACE include the continuous elevation of tumor marker levels immediately after TACE and the new emergence of vascular invasion and extrahepatic spread after the procedure.

This study aimed to determine whether response to TACE, assessed using images and tumor marker levels after TACE, predicts survival prognosis, with reference to the JSH definition of TACE failure/refractoriness, and to identify pretreatment factors that predict patient response to TACE.

Materials and Methods {#s2}
=====================

Subjects {#s2a}
--------

TACE was used for the treatment of HCC in 62 patients at our hospital over 6 months, between April 2010 and September 2010 (inclusive). All patients were diagnosed as BCLC stage B, without extrahepatic spread or major vascular invasion, before the initiation of TACE. Of these patients, 12 were excluded because embolization was not performed in part of the tumors, due to technical issues and decreased liver function. The remaining 50 patients underwent TACE for all HCC lesions diagnosed during the TACE session. HCC treatment was continued beyond October 2010 and the patients underwent 109 TACE sessions, in total, by October 31, 2017.

Procedures of abdominal angiography and TACE {#s2b}
--------------------------------------------

Digital subtraction angiography, computed tomography during hepatic arteriogram (CTHA), and computed tomography during arterial portography (CTAP) were performed to assess the number and size of tumors and identify tumor-feeding vessels.

A 4-Fr angiographic catheter (Selecon PA; Clinical Supply Co., Ltd., Gifu, Japan) was inserted through the femoral artery. Contrast material was injected into the common hepatic artery or the proper hepatic artery for hepatic arteriography and into the superior mesenteric artery for portography. CTAP was performed using 90 mL of iopamidol (Iopamiron 150; Bayer Pharmaceuticals Co. Ltd., Osaka, Japan), injected at a rate of 3 mL per second into the super mesenteric artery. CT scanning of the liver was initiated 30 s after starting the contrast medium injection. For digital subtraction angiography and CTHA, the catheter was placed in the common hepatic artery or the proper hepatic artery, and a contrast medium was injected. For a routine CTHA, 30 mL of iopamidol was injected at a rate of 1.5 mL per second and 5 s after initiation of the injection; the first-phase images were obtained. The second-phase images were obtained beginning 10 s after the end of the first-phase scan. A four-channel multi-detector CT scanner (Aquilion 4; Toshiba Medical Systems Co. Ltd., Otawara, Japan) was used. For more selective catheter placement, a microcatheter (Progreat; Terumo Co., Tokyo, Japan) was inserted through the 4-Fr catheter and placed in the peripheral arteries.

After identification of the feeding arteries of the target tumor nodules by the above method, TACE was performed using anticancer drugs, poppy-seed oil (lipiodol; Guerbet Japan, Tokyo, Japan), and gelatin particles. Briefly, 10 to 50 mg of epirubicin (Farmorubicin; Kyowa Hakko Kogyo, Tokyo, Japan) or 10 to 50 mg of cisplatin (IA-call, Nippon Kayaku Co. Ltd., Tokyo, Japan) were mixed with 1 to 10 mL of iodized poppy seed oil and injected via a microcatheter. Next, gelatin sponge particles (Gelfoam; Pfizer Inc., New York, USA) or porous gelatin particles (Gelpart; Nippon Kayaku Co. Ltd., Tokyo, Japan) were infused until the feeding arteries were completely embolized. Doses of epirubicin or cisplatin and lipiodol were adjusted for the size, number, and site of tumors. When tumors were located in one segment, a microcatheter was placed in the appropriate segmental artery, and when tumors were located in multiple segments, a microcatheter was placed in each of the segments. When many tumors spread in either the left or the right lobe, a catheter was placed in the appropriate hepatic artery and TACE was performed.

Assessment of response to TACE and post-TACE follow-up procedures {#s2c}
-----------------------------------------------------------------

TACE response of the 50 subjects were classified into two grades, using CT or MRI images and tumor marker levels, 1 to 3 months after TACE. The tumor markers used were alfa-fetoprotein (AFP) and protein induced by vitamin-K absence-II (PIVKA-II). The two groups were defined as follows: Response Poor (P), in which most of the tumors remained viable or a new lesion emerged on imaging, and tumor volume was ≥ 50% of the pretreatment tumor volume, or tumor marker levels did not decrease below 50% of the pretreatment levels; Response Non-Poor (NP) in which no viable (enhancing) residual tumors were identified on imaging, and tumor marker levels decreased below normal levels, or in which some tumors remained viable or a new lesion emerged on imaging, the volume of which was \< 50% of the pretreatment tumor volume, or tumor marker levels decreased to \< 50% of the pretreatment levels, but not to normal levels. After TACE, patients underwent follow-up blood tests and CT or MRI scans every 3 months, on average, at our outpatient clinic. If recurrence was detected, the size and number of tumors and liver function were evaluated, and appropriate additional treatment was planned. TACE was performed 109 times, in total, by the time of last follow-up visit on October 30, 2017.

Statistical analysis {#s2d}
--------------------

Cumulative survival rates were compared between the groups using a landmark method \[[@R17]\], where the time zero was set to September 30, 2010. All 50 patients were alive on September 30, 2010, and the first TACE session before this date was used for response evaluation. Cumulative survival rates were analyzed using the Kaplan-Meier method and compared using the log-rank test. [Table 1](#T1){ref-type="table"} shows patient characteristics before TACE. If the tumor number was ≥ 11, the tumor number was treated as 11 in the analyses. Univariate and multivariate Cox proportional hazards models were used to assess which patient characteristics contributed to survival.

###### Patient Characteristics

  Item                                Data
  ----------------------------------- ---------------------------------------
  Age (years)                         71.6 ± 6.6
  Sex (male/female)                   41/9
  Etiology (B/C/NBNC/Al)              10/31/4/5
  Total bilirubin (mg/dL)             0.91 ± 0.33
  Prothrombin time (%)                86.5 ± 10.2
  Albumin (g/dL)                      3.83 ± 0.0.35
  Platelets (× 10^4^/µL)              12.5 ± 5.6
  Child-Pugh classification (A/B/C)   45/3/0\*
  Number of tumor nodules\*\*         4.5 ± 3.6
  Max size of tumor (mm)              31.3 ± 23.0 (10 - 135)
  Up-to-7 criteria (in/out)           28/22
  AFP (ng/mL)                         1,745.6 ± 11,253.1 (2 - 78,845)
  PIVKA-II (mAU/mL)                   2,331.4 ± 10,923.1 (0\*\*\* - 75,000)

Values are expressed as mean ± SD. The range of numbers is shown in parenthesis. \*Child-Pugh score was not assessed in two patients due to missing data. \*\*Numbers of tumors ≥ 11 are expressed as 11. \*\*\*Values of PIVKA-II \< 30 are expressed as 0. B: hepatitis B virus; C: hepatitis C virus; NBNC: non-B non-C; Al: alcohol; AFP: alfa-feto protein; PIVKA-II: protein induced by vitamin K absence or antagonist-II.

For the 109 TACE sessions, univariate and multivariate analyses were performed using a multiple logistic regression model to evaluate the impact of pre-TACE factors on response to TACE. Additionally, receiver operating characteristic (ROC) curves were generated to determine the best tumor number for predicting patient response to TACE.

Ethical review {#s2e}
--------------

The present retrospective study was approved by the Ethics Review Committee of our hospital (No. 1409115121). Written informed consent was waived by the Institutional Review Board.

Results {#s3}
=======

TACE and cumulative survival {#s3a}
----------------------------

[Figure 1](#F1){ref-type="fig"} showed the cumulative survival rates according to the response, analyzed using the Kaplan-Meier method. The cumulative survival rate of Response NP was significantly higher than that of Response P in the log-rank test (P \< 0.001). The median survival time was 51.7 months in the Response NP group and 12.6 months in the Response P group. Analysis by Cox proportional hazard model showed that survival of Response NP group was significantly better than that of Response P group (hazard ratio, 0.228; 95% confidence interval (CI), 0.111 - 0.470).

![Estimates of cumulative survival rates according to response to TACE (Kaplan-Meier method). There was a significant difference in cumulative survival (P \< 0.001, log-rank test) between Response P patients and Response NP patients.](jocmr-10-10-765-g001){#F1}

Pre-TACE factors contributing to TACE response {#s3b}
----------------------------------------------

Response to TACE was found to be a useful factor for predicting patient prognosis. Thus, to determine whether pre-TACE factors predict response to TACE, a multiple logistic regression analysis was performed. Factors contributing to Response P versus Response NP were analyzed ([Table 2](#T2){ref-type="table"}). On univariate analysis, significant factors were total bilirubin, platelet count, PIVKA-II, tumor number, the presence of up-to-7 criteria, and the number of previous TACE sessions. Multivariate analysis revealed that PIVKA-II, tumor number, and the number of previous TACE sessions were significant factors contributing to TACE response.

###### Univariate and Multivariate Analyses to Investigate Factors Predicting Response P Versus NP

                              Univariate   Multivariate                                      
  --------------------------- ------------ ---------------- ------- ------- ---------------- -------
  Age (years)                 1.060        0.998 - 1.127    0.059                            
  Sex (M vs. F)               0.997        0.309 - 3.214    0.996                            
  Etiology (C vs. others)     0.979        0.426 - 2.249    0.960                            
  Total bilirubin (mg/dL)     4.166        1.396 - 12.432   0.011                            
  Prothrombin time (%)        0.965        0.927 - 1.004    0.080                            
  Albumin (g/dL)              0.629        0.248 - 1.596    0.329                            
  Platelets (× 10^4^/µL)      0.889        0.808 - 0.978    0.016                            
  AFP (≥ 10 vs. \< 10)        2.202        0.878 - 5.521    0.092                            
  PIVKA-II (≥ 75 vs. \< 75)   3.252        1.366 - 7.739    0.008   4.539   1.214 - 16.966   0.025
  Tumor number                1.590        1.365 - 1.854    0.000   1.475   1.245 - 1.747    0.000
  Tumor size                  0.997        0.977 - 1.019    0.811                            
  Up to 7 (in vs. out)        0.098        0.036 - 0.266    0.000                            
  Past TACE number            1.711        1.333 - 2.194    0.000   1.472   1.058 - 2.048    0.022

HR: hazard ratio; M: male; F: female; C: hepatitis C virus; AFP: alfa-feto protein; PIVKA-II: protein induced by vitamin K absence-II.

Pre-TACE factors and the post-TACE survival {#s3c}
-------------------------------------------

Multiple logistic regression analysis of pre-TACE factors contributing to survival revealed that the following were significant: total bilirubin level, prothrombin time, platelet count, tumor number, and the presence of up-to-7 criteria on univariate analysis. There were two significant factors on the multivariate analysis: platelet count and tumor number ([Table 3](#T3){ref-type="table"}).

###### Univariate and Multivariate Analyses to Investigate Factors Associated With Post-TACE Survival

                              Univariate   Multivariate                                     
  --------------------------- ------------ ---------------- ------- ------- --------------- -------
  Age (years)                 1.031        0.976 - 1.089    0.276                           
  Sex (M vs. F)               0.629        0.515 - 2.998    0.629                           
  Etiology (C vs. others)     0.921        0.468 - 1.815    0.813                           
  Total bilirubin (mg/dL)     6.842        2.080 - 22.510   0.002                           
  Prothrombin time (%)        0.995        0.922 - 0.989    0.010                           
  Albumin (g/dL)              0.352        0.265 - 1.032    0.059                           
  Platelets (×104/µL)         0.871        0.798 - 0.951    0.002   0.876   0.803 - 0.955   0.003
  AFP (≥ 10 vs. \< 10)        1.669        0.773 - 3.606    0.192                           
  PIVKA-II (≥ 75 vs. \< 75)   1.716        0.843 - 3.497    0.137                           
  Tumor number                1.307        1.174 - 1.456    0.000   1.330   1.178-1.501     0.000
  Tumor size                  1.003        0.987 - 1.019    0.734                           
  Up to 7 (in vs. out)        0.296        0.150 - 0.588    0.000                           
  Past TACE number            1.103        0.907 - 1.341    0.327                           

HR: hazard ratio; M: male; F: female; C: hepatitis C virus; AFP: alfa-feto protein; PIVKA-II: protein induced by vitamin K absence-II.

Association between tumor number and TACE response {#s3d}
--------------------------------------------------

Pre-TACE tumor number was found to be a useful factor to predict response to TACE and post-TACE prognosis. Thus, ROC curves were generated to determine the best tumor number for discriminating poor response ([Fig. 2](#F2){ref-type="fig"}). The ROC curve for discriminating Response P from Response NP yielded a high area under the curve (AUC) value of 0.877, and the optimal cut-off value for tumor number was 7.5. That is, a patient undergoing TACE with ≥ 8 pre-TACE tumors would be assessed as Response P. Overall, 27 TACE sessions were performed in patients with a pre-TACE tumor number ≥ 8. Of those sessions, 21 (77.8%) resulted in Response P.

![Receiver operating characteristic curves for response grades and pre-TACE tumor numbers (Response P vs. NP). The AUC value was high (0.877). The cut-off value was 7.5.](jocmr-10-10-765-g002){#F2}

Tumor number and post-TACE cumulative survival {#s3e}
----------------------------------------------

[Figure 3](#F3){ref-type="fig"} showed the cumulative survival rates according to the pre-TACE tumor number, analyzed using the Kaplan-Meier method. The cumulative survival rate was higher among patients with a tumor number ≤ 7 than those of ≥ 8, and showed a significant overall difference in the log-rank test (P \< 0.001).

![Estimates of cumulative survival rates according to pre-treatment tumor number (Kaplan-Meier method). There was a significant difference in cumulative survival (P \< 0.001, log-rank test) between patients with a tumor number \> 8 and those with a tumor number ≤ 7. N represents the number of tumor nodules.](jocmr-10-10-765-g003){#F3}

Discussion {#s4}
==========

This retrospective study investigated the response of patients with HCC to TACE treatment, which was assessed using images and tumor marker levels between 1 and 3 months after the procedure. We found that poor response to TACE was a useful predictor of poor prognosis. The accurate prediction of patient prognosis is an essential step in the management of HCC. The efficacy of sorafenib in advanced HCC has recently been demonstrated, so discontinuation of TACE does not always mean the termination of HCC treatment \[[@R06], [@R07]\]. Numerous studies have reported the efficacy of sorafenib in TACE failure cases \[[@R08]-[@R12]\]. Thus, for non-responders to TACE, even at stage B, switching to sorafenib is likely to be more effective than the continuation of TACE \[[@R05]\]. These findings indicate that accurate diagnosis of TACE refractoriness is increasingly relevant.

This study showed that poor response to TACE (tumor volume was ≥ 50% of the pretreatment tumor volume, or tumor marker levels ≥ 50% of the pretreatment levels) could predict poor prognosis. Thus, although the evaluation of TACE response is useful to predict prognosis, one of the important adverse effects of TACE is deterioration of liver function. Therefore, accurate prediction of TACE response using pre-treatment factors could avoid non-effective TACE and allow the selection of effective second line treatments. We investigated the association between pre-treatment factors and response to TACE. From the multivariate analysis, there were significant factors contributing to TACE response: PIVKA-II, tumor number, and the number of past TACE sessions ([Table 2](#T2){ref-type="table"}).

Next, we investigated the pre-TACE factors contributing to post-TACE survival. Multivariate analysis revealed two significant factors: platelet count and tumor number ([Table 3](#T3){ref-type="table"}).

Based on these findings, the present results indicated that HCC tumor number was a useful predictor for both response to TACE and patient prognosis after TACE. Thus, the ROC curve was generated to determine the best tumor number for discriminating response P from response NP yielding a high AUC value of 0.877 and an optimal cut-off value of 7.5 was selected. Hence, when TACE is performed in patients with pre-TACE tumor numbers ≥ 8, the response to TACE would likely be assessed as Response P (poor response) with poor prognosis after TACE. In this analytical process, it is noteworthy that the tumor size was not selected as a useful predictor.

The present study supports evidence that patients with BCLC stage B HCC represent a highly heterogeneous population with considerable differences in response to TACE \[[@R13]\]. Researchers have attempted to classify patients with intermediate-stage HCC into subgroups and establish optimal treatment strategies for each subgroup. Bolondi et al \[[@R13]\] proposed the use of the "Up-to-7" criteria for subgrouping patients, which represents pretreatment tumor status based on the findings of Mazzaferro et al \[[@R18]\] Mazzaferro et al evaluated the survival of patients who underwent liver transplantation for HCC and reported that patients who fell within the "Up-to-7" criteria (with 7 being the sum of the size of the largest tumor (in cm) and the number of tumors), even with tumors beyond the Milano criteria, achieved survival durations that were comparable to those of patients with tumors meeting the Milan criteria. Bolondi et al postulated that the "Up-to-7" criteria could be useful for the subclassification of patients who would benefit from TACE \[[@R13]\]. According to the authors, as patients with tumors that do not meet the "Up-to-7" criteria are expected to show poor response to TACE, treatment options in addition to TACE, including transarterial radioembolization and sorafenib, should be considered \[[@R13]\].

Pre-TACE tumor numbers ≥ 8 is a factor for predicting poor responses to TACE and is more useful than the "Up-to-7" criteria. In the present study, we included the "Up-to-7" criteria in the analyses and demonstrated that it was a useful predictor in univariate analysis, but found that these criteria were not identified in multivariate analysis. Since the "Up-to-7" criteria were derived from the sum of the size and number of tumors, the number of tumors may be a more influential predictor of response to TACE than tumor size.

Most of the TACE series that were evaluated in this study were conventional TACE, although several studies have compared conventional TACE with TACE using drug-eluting beads. A meta-analysis of seven studies reported that there were no significant differences in tumor response between conventional TACE and TACE using drug-eluting beads therapies \[[@R19], [@R20]\]. However, sufficient data comparing TACE using drug-eluting beads with conventional TACE have not yet been collected, and further prospective studies are warranted.

There are several limitations to this study. First, this study was retrospective, and a prospective study that further builds upon these results should be conducted. Second, 90% of the subjects in this study showed good hepatic reserves (Child-Pugh class A), and the mean tumor size was 3.1 cm. In contrast, approximately 65% of the subjects in the ART score study \[[@R15]\] showed Child-Pugh class A, and the mean tumor size was 5.8 cm in the training cohort and 4.3 cm in the validation cohort. Therefore, as most of the subjects in this study had good hepatic reserve and were treated relatively early, it is necessary to determine whether the results of this study are reproducible in Western countries, where advanced HCC is more prevalent. Third, the sample size was small (n = 50), and the results of this study should be confirmed across a larger number of patients.

In conclusion, pre-TACE tumor number but not size is a useful factor for predicting response to TACE and survival after TACE in patients with BCLC stage B HCC. The use of pre-TACE tumor number to predict refractoriness to TACE and establish therapeutic strategies appears to be a promising approach for HCC treatment.
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